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on the kidney. In proteinuric rats, the combination of ACEi
and a low sodium diet elicits pronounced renal interstitial
damage, despite a significant reduction of proteinuria.2 As
similar effects were found in healthy rats, the renal damage
was not owing to particularities of the model, but related to
the ACEi regimen. This is in line with earlier data in
experimental renal transplantation, with monotherapy
ACEi.3 These data are distressing, as the ACEi regimens
induced renal fibrosis in spite of a reduction in proteinuria
and blood pressure, that is, an improvement of the
established clinical criteria for a good response to therapy.
In human, it is usually not feasible to monitor renal
structural damage during therapy. Accordingly, considering
the dissociation between renal fibrosis and the intermediate
parameters blood pressure and proteinuria, therapy-asso-
ciated progressive renal damage during renin–angiotensin
system blockade in human cannot easily be recognized, and
would require large, hard end point studies to become
manifest. Although the mechanism underlying the ACEi-
induced renal fibrosis deserves further study, our data
provide a possible explanation for the increased risk of
end-stage renal disease found by Suissa et al.1
The incidence of end-stage renal disease is increasing
worldwide, despite extensive use of renin–angiotensin system
blockers. It would be prudent not to take their long-term
renoprotective effect for granted, scrutinize their effects on
renal structural damage in experimental studies, and critically
evaluate their outcome in human during long-term follow-up.
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We thank the authors for their interest in our paper. Woo
et al.1 suggest that our findings apply only to angiotensin-
converting enzyme (ACE) inhibitors and not to angioten-
sin receptor antagonists (angiotensin II receptor blockers
or all-trans retinoic acids). The data they provide on 16
patients suggest that all-trans retinoic acid patients have a
higher rate of antiproteinuric response than patients on
ACE inhibitors (rate ratio 3.5; 95% confidence interval:
1.0–11.9). They also provide data on 29 patients followed
for 5 years, suggesting that patients on ACE inhibitors are
at higher risk of end-stage renal failure than patients on
all-trans-retinoic acids (relative risk 2.7; 95% confidence
interval: 1.3–5.6). These data, although based on small
samples, advocate the need for further large long-term
comparative studies to shed more light on this question.
Hiremath et al. imply that the 1800 patients not
included in the analysis would have been useful. This is
not so since, to reduce the impact of confounding bias, we
matched our renal failure cases to all available patients in
the cohort of the same age, type and duration of diabetes.
The 1800 ‘excluded’ patients were of different age, type and
duration of diabetes than the cases, thus uninformative
with respect to the question of renal failure and hence not
relevant to the analysis. We agree that it would be of
interest to assess the effect of ACE inhibitors on all-cause
mortality in this cohort, an analysis that we will consider
and report on subsequently. We did not have blood
pressure levels available to control for confounding by
severity, but did attempt to control for related conditions
also associated with renal failure. In any case, despite the
careful attention to control of confounding, it is important
to reiterate that possibility of uncontrolled confounding
cannot be ruled out with such observational studies.
Our findings, as well as the observations presented by
Woo et al., must be placed in their proper context of an
observational study and are more hypothesis generating
than conclusive. Ideally, long-term randomized controlled
trials comparing ACE inhibitors to angiotensin II receptor
blocker/all-trans retinoic acids will be required to clarify
these questions.
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To the Editor: We read with special interest and excitement,
the recent publication by Suissa et al.1 They demonstrated an
increased rate ratio of end-stage renal disease of 4.2 (95%
confidence interval: 2.0–9.0), among diabetic patients, after
3 years of angiotensin-converting enzyme inhibition.
This represents a validation of our recent report of a
previously unrecognized syndrome of late-onset renal failure
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from angiotensin blockade.2 In our 30-month prospective
analysis, in five of 103 patients with increasing azo-
temia while on RAAS blockade (AB), and no known
precipitating factors, mean serum creatinine improved from
2.970.9 to 1.870.4 mg/dl (P¼ 0.04), following discontinua-
tion of AB.2 One of the five patients, a 47-year-old white
woman, with hypertension and stable systemic lupus
erythematosus, was referred to us to start hemodialysis in
November 2002, with symptomatic uremia. Serum creatinine
was 4.3 mg/dl. After 40 months, following discontinuation of
lisinopril, she remains an active grandma and part-time
Secretary; current serum creatinine, 2.3 mg/dl (Figure 1).
Unrecognized microvascular renal artery stenosis was in-
voked as the underlying pathogenetic mechanism for our
observations.2
Furthermore, we reviewed the large clinical trials on AB.
Clearly, study guidelines/exclusion criteria such as patient
age, baseline serum creatinine, close monitoring of serum
creatinine, and dose of AB are not adhered to in general
practice.3
We submit that the escalating and sometimes uncontrolled
use of AB in general practice is a factor in the increasing end-
stage renal disease epidemic.1–4 A more cautious and prudent
application of AB, we submit, will serve renoprotection,
better.
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In his letter to the editor, Ring1 criticizes the validity of the
empirical relationship between the plasma water sodium
concentration ([Naþ ]pw) and total exchangeable sodium
(Nae), total exchangeable potassium (Ke), and total body
water (TBW) originally reported by Edelman et al.:2
½Naþpw ¼ 1:11ðNae þ KeÞ=TBW  25:6 ð1Þ
First, Ring criticizes the study of Edelman et al.2 in that the
measurements were not made in the steady state and that the
authors failed to measure Nae, Ke, and TBW simultaneously.
These criticisms are unfounded. We recently demonstrated
that the [Naþ ]pw is proportional to the ratio (NaeþKe)/
TBW at any given point in time because the body fluid
compartments are in osmotic equilibrium.3 As osmotic
equilibrium is attained very rapidly, it is irrelevant whether
the patient is in a steady state or not. Regarding the fact that
the measurements of Nae, Ke, and TBW were not performed
simultaneously, Edelman et al.2 were well aware of this and
the measured Nae was back corrected to the time of
determination of Ke and TBW by monitoring the metabolic
balance for Naþ during the period of Na24 equilibration.
This correction was applied to provide simultaneous
estimates of Nae, Ke, and TBW as Nae was measured 24 h
after the measurement of Ke and TBW.
2 Ring seems to have
missed this point.
Secondly, Ring faults the study of Edelman et al. from a
statistical perspective. He argues that the investigators failed
to take into account measurement errors in the x and y
variables in obtaining the regression relation between
y¼ [Naþ ]pw and x¼ (NaeþKe)/TBW described in equation
(1). This is an inaccurate assessment. Using the data (Tables
II and III) in the study of Edelman et al.,2 simple regression
analysis using [Naþ ]pw as the dependent variable yields the
following equation:
½Naþpw ¼ 0:93ðNae þ KeÞ=TBW þ 1:37 ð2Þ
Ring seems to be unaware the authors did recognize that
measurement errors in x (owing to measurement errors in
Nae, Ke, and TBW) would attenuate estimated correlation
coefficients, so that equation (2) would underestimate the
magnitude of the slope between true values of y and x.
Edelman et al.2 were specific in describing their method of
bias correction for correlation coefficients, and we have
verified that taking into account the analogous bias
correction for regression equation (2) yields results compar-
able to their final equation (1). We have also independently
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Figure 1 | GFR changes in a patient following discontinuation of
lisinopril.
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